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. S-SUBSTTTUTED IMIDAZOLES . 

* ' • * ' • , 

TECHNICAL FIELD ' . 

This invention relsites to novel 5-substituted iniida2x>les or phannaceutically- 
isicceptable salts thereof^ processes for preparing them, pharmaceutical coxnpositions 
5 containing them and their use in therapy. This invention particalarly relates to compounc!^ 
that are ligands for alpha 7 nicotinic acetylcholine receptors (a7 nAChRs). 

* 

BACKGROUND OF THE INVENTION 

The use of compounds which bind nicotinic acetylcholine receptors in fbs treatment 

io of a range of disorders involving reduced choliner:^c function^ such as Alzheimer^s 
disease, cognitive or attention disord^s, anxiety, depression, smoking cessation, 
neuroprotection, schizophrenia, analgesia, Tourette's syndrome, and Parkinson's £sease 
has been discussed in McDonald et al (1995) '^Nicotinic Acetylcholine Receptors: 
Molecular Biology, Caiemistcy and Pharmacology", Chapter 5 in Annual Reports in 

1 5 Medicinal Chemistry, voL 30, pp. 4 1-50, Academic Press Inc., San Diego, CA; and in 
Williams et al (1 994) ''Neuronal Nicotinic Acetylcholine Receptors," Drug News & 
Perspectives, voL 7, pp. 205-223. . 

• > - 

■ ■ ' 

SUMMARY OF THE INVENTION 
20 This invention encompasses compounds of formula I: 




wherein: 

A represents: 







!l III IV . V 

25 where R represents hydrogen* or metiiyl, and 

R represents a moiety of Formula VI . 
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■ • ■ » • . 

• • « • , • • 

Ar^ is selected from a S- or 6*membered aromatic or heteroaromatic ring having 0, 

' " > . » * • 

1 or 2 nitrogen atoms, 0 or 1 oxygen atoms, and 6 or 1 sulfur atoms, or selected from an 8-,. 
9- or 10-memb^d fused aromatic or hetoroaibmatic ring system having 0, 1, 2 or 3 
. nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 isulfiir atoms; 
5 . D to selected son, hj*og=^NK.lL'.«E.M . . 
wherein 

Eisa smglebon4-<), -S,or -NR^ . 

Ai^ is selected froiooL a S- or 6-membe»red aromatic or het^oaio^ 

..*■.• 

1 or 2 nitrogen atoms, 0 or 1 oxygen atoni^ and 0 or 1 sulfur atoms; 
10 where each, Ar^ moiety may be unsubstituted or bear 1, 2 or 3 substituents 

selected from -R^i -Ci7C6alkyl, -C^^Cealkenyl, -Q-Cealkynyl, halogen, -CN, -NO2. -CF3, 
-S(0)aR\ -NR^R\ -CH2NR^R^ -OR^ -CHaOR^ or -COiR^ 

R^ and R^ are independently selected at each occurrence from hydrogen, 
-CuC4aIkyl, aryl, heteroaryl, -C(0)R^ -C(0)NHR^, -C02R'^ or -S02R^ or 

R^ and R^ in combination is -(CH2)jG(CH2)k- wherein G is oxygen, sulfur, NR"*, or 

a bond; 

j is 2, 3 or 4; 
kis0,lor2; 
nisO, 1 or 2, and • , 

r1 is independently selected at each ocGiinrence from hydrogen, -Ci^al^^ 
heteroaryl. 

The invention also encompasses stereoisomers, enantiom^, in viv^hydrolysable 
precursors and phaimaceuticaDy-acceptable salts of compoimds of formula I, 
phacmaceutical compositicms and formulations containing them, meAods of using them to 
25 , treat diseases and conditions eifh^ alone or in combination with other therapeutically- 

active compounds or substances, processes and interm^ates used to prepare them, uses of 
them as medicamente^ uses of them in the manu&cture of medicaments and uses of them 
for diagnostic and analytic piuposes. . 



r -• : 30 DETAILED DESCRIPTI6N OF 'niE INVENTION 

Compound of the invention are flibse according to formula L 
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wherein: 

A represents: 







or 



H III IV V 

where R represents hydrogen or methyl, and . . 
represents a moiety of Fonnula VJ . 

^> VI. 

■ - • 

Ar is selected from a 5- or 6-inembered aromatic or heteroaromatic ring having 0, 

. ■ • ' - ' • 

1 or 2 nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms, or selected from an 8-, 
9- or 10-membered fiised aromatic or heteroaromatic ring system having 0, 1, 2 or 3 
nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms; 

D is selected from hydrogen, NR^Rf, or E"Ai^; 
wherein 

£ is a single bond, -O, -S, or -NR^; 

Ai^ is selected from a 5^ or 6-m^bered aromatic or heteroaromatic ring having 0, 
.1 or 2 nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms; 

where each Ar^ or Ai^ moiety may be unsubstituted or bear 1^ 2 or 3 substituents 
selected from -R^ -Ci-Cealkyl, -CrCealksnyl, -Qi-Cialkynyl, halogen, -CN, -NO2, -CF3, 
-S(0)nR\ -NR?R', -CH2NR^R^ -0R\ -CH2OR* or -COzR*; 

R^ and R^ are indqp«ndeD% selected at each occuHeace fiomh^ 
-Ci.C4a]kyl, aryl, hetetoaiyl, -C(0)R*, -C(0)NHR'', -CXJaR"* or -S02R^ or 

. R^ and R^mcombinatifm is <CH2),<KCH2)trwhaemG is oxygen, salf^ 
a bond; 

jis2,3OT4; 

kisO, lor2; 

nisO, 1 or 2, and 
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R" is mdepeadently selected at each occurrence from hydrogoi, -Ci-4alkyl, aiyl, or 
heteroaiyl. 

aid st^oispmerS) enandomeis, m Wva-hydrolysable precis 
pharmaceuticaUy-acceptable salts thereof. 

More particular compoimds are those of forxnula I wherein: 
A represents: . . . ^ 




II 

represents hydrog^ or a moiety of Fommla VI 

wherein: 

At' is selected fi:om a S- or 6-membered aromatic or heteroaromatic ring haymg 0 

■ 

or 1 nitrogen atoms, 0 or 1 oxy^ atoms, and 0 or 1 sulfiir atoms; 

D is selected from hydrogen, NR^R^, or B-Ai^; . 
wherein: 

E is a single bond, =0-, or «NR^S 

Ai^ is selected from a 5* or 6-membered aromatic or heteroaromatic ring having 0 
or 1 nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms; 

where each Ar ' or Az^ moiety may be unsubstituted or bear 1 , 2 or 3 substituents 
selected from halogen, -CN, -NQ2, -CPs, -CH3 or -C2H5; 

R^ and R^ are indepmdendy selected at each occmrence from hydrogen, 
-Ci.C4aIkyl, aiyl, heteroaryl, or 

R^ and R^ in combination is -(CH2)jG(CH2)k- wherein G is oxygen; 

j is 2, 3 or 4; 

k is 0, 1 or 2; 

and stereoisomers, ^lantiomers, »t vivo-hydrolysable precursors and 
pharmaceuticaUy-aeceptable salts thereof . 

Particular compounds of the invention are conqx>imds according to formula I 
wherein A rq>resents: 



and stereoisomers, enantiomm and phaxmaceutic^y-acceptable salts thereof. 

* • * 

Particular compounds of the invention are R-isomers of compounds of formula I in 
accord mth formula Vn, 




vn 



wherein A and are as defined for com|>oiinds of formula L 

Other particular compounds of the invention are &ose of formula Vn wherein A is 
of formula n and R^ is as defined for conimounds of formula I. 

Most particular compounds of the invention are fiK>se of forinula vn wherein A is 
of foimuk n ami R' fe as defined for compomds of fiwrniila 

Other particular compounds of &e inventicm iriclude tfiose of formu^ 

m 

represents a single bond; of an eiiantiomCT fiiereo^ and pharmaceatically*acceptable salts 
thereof. 

Particular compounds of the invention are those of formula I wherein Ar^ is 
thiophrayl having optional substituents as defined herein. 

Oth^ particular conipounds of the invention encompass those of formula I wherein 
Ar^ is thiophenyi and Ax^ is selected firom hydrogen, halogen, phenyl, furanyl or thiophenyl 
having optional substituents as defined herein. 

Particular compounds of the invention are those described herein and 
pharmaceutically->acceptable salts tfa^of. 

In a further aq^ect the invention relates to compounds according to formula I 
wherein one or more of the atoms is a radioisotope of the same element In a particular 
form of this aspect of the invention the compound of formula I is labeled with tritium. 
Such radio-labeled compounds are ^thesized either by incorporating radio-labeled 
starting materials or, in fiie case of tritium, exchai^e of hydrogen for tritiimi by known 
metiiods. Known mefliods mchide (1) eleclrophilic halogenaticm, followed by reduction of 
tbe halogen in the pr^ence of a tridum source for example, by hydrogei^ttion with tritium 
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gas in the presence of a palladium catalyst^ or (2) exchange of hydrogen f^^ 
performed in the presence of tritinm gas and a suitable organometaUic (e.g. palladium) 
catalyst ' . 

Coinpounds of the invention labeled with tritium are useful for &e discovery of 

* - * * 

. S novel medicinal compounds which bind to and modulate the activity, by agonism, partial 
agonisni, or antagonism, of the q7 nicotiruc acetylcholine receptor. Such tritium-labeled 
conq)ounds may be used in assays thai loieasure the displacemrat of a such compom . 
assess the bindmg of U^d that bind to oe7 ni^ 

Id anoAer Bspect flie invention relates to compoimds according to formula I and 
10 their use in therapy and to compositions containing them. 

In another aspect the invmtion encomp^es &e use of coi^ 
formida I for the flierapy of diseases mediated fhrougjh ihe action of nicotinic acetylcholine 

. * • * 

receptors. A more particular aspect of the invention relates to the use of compounds of 

_ ■ 1. . • ■ • 

formula I for the therapy of diseases mediated through the action of oC7 nicotinic 

* 4 « 

15 acetylcholine receptors* 

Another aspect of the invention encompasses a method of treatment or prophylaxis 
of diseases or conditions in which activation of the a7 nicotinic receptor is beneficial . 
which method comprises administering a fherapeutically-effective amount of a compound 
of the invention to a subject sufiSmng from said disease or condition. 

20 One embodiment of this aspect of the invention is a method of treatment or 

prophylaxis, wherein the disorder is anxiety, schizophrenia, mania or manic depression. 

Another dnbodimrat of this aspect of the inventioii is a method of treatment or 
prophylaxis of neurological disorders, psychotic disorders or intellectual inq>airment 
disorders^ which conqxrises administering a therapeutically effective amount of a 

25 compound of the invration. 

: . AnotiierembocUmentof this aspect of tiie invention is a method of treatment or 

" ■ ■ 

* . ' . . prophylaxis, wherein the disorder is Alzheimer*s disease, learning deficit, cognition deficit, 

: ^ * attention deficit, memory loss, or Attention Deficit Hyperactivity Disorder. 

• ' • . . . . ' 

: : Another embodiinentofthis aspect oftheinverition is a method of treatment or 

. • * 
* , . - 

: ' - ^ : 30 prophylaxis, wherein the disord^ is Parkinson's disease, Huntington's disease, Tourette's 
sryndrome, or neurodegenerative disorders in which there is loss of cholinergic synapses. 



■ " i «. k> » • ' 



ft 

» m 
* ■ 

• a K 
■ ' • 



101290 • . : :-• 

' ■ *• - i ' . • - 

. . • . .... 

• * ■ 

• • - - . - •<•/■• ... 
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Another embodiment of this aspect of the invention is a method of treatment or 
prophylaxis of jetlag, nicotine addiction, craving, pain, and for ulcerative coBtis, whidi 
comprises administering a theiapeuticaUy effective amoimt of a compound of the 
invention. 

5 Yet another embodunent of this aspect of the invention is a method for inducing the 

ces^on 6f smoking whidi comprises administeri^^ confound 

of tbe invention. 

Another embodimeirt of ihta aspect of the invention is a phannaceuti 
(imposition comprising a con?)OTmd of the invention and aphan^ 

10 diluCTt, lubricant or carrier. 

A further aspect of the invention relates to a pharmaceutical conqjosition useful for 
treating or preventing a condition or disorder mentioned herein arising firom dysfunction of 
nicotinic acetylcholme receptor neurotransmission in a niammal, prefer 

• ■ * * 

comprising an amount of a compound of formula, I, an enantiomer thereof «r a 
15 pharmaceutically-acceptable salt thereof; effective in treating or preventing such disorder Or 
condition, and pharniaceuticaUy-acceptable additives carrier. 

Another embodiment of fliis aspect of the invention relates to use of a 
pharmaceutic^ composition of the invention for treatment, amelioration or prophyl^^ 

of human diseases or conditions in whicih activation of tiie a7 nicotinic receptor is 

20 beneficiaL 

Another embodiment of tiiis aspect of the invention is the use of the pharmaceutical 

• - * " ' • ' ' ' 

composition of ti» invention for tiie treatment or prophylaxis of neurological disorders, 

It 

psychotic disorders or inteilectiud impainnent disffl^ 

Another embodiment of this aspect of the invention is the use of the pharmaceutical 
25 composition of tiie invention for the treatment or prophylaxis of Alzheimer's disease, 
learning defidt, cognition defidt, attention defidt, memory loss. Attention Deficit 

Hyperactivity Disorder, anxiety, s<*i2»phrenia, or mania or manic depresd 

'. disease, Huntington's disease. Tourette's syndrom^ neurodegenerative disorders in whidi 
fliere is loss of cholinergic synapse, jetiag. cessation of smoIdng, nio^ 
■; 30 including tiiat resulting from exposing to products containing nicotine, craving, pain, and 

for ulcerative colitis. 

A furflier aspect of flie invention is tixe use of a compound according to tiie 

invention, an enantiomer tiiereof or a pharmaceutically-acceptable salt tiiraeo^ in the 
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manufecture of a medicament for the treatma:it or prophylaxis of the diseases or conditiocis 

Anodic embodiment of diis aspect of the invration is the use of a compound of die 
hwendon in the manu&cture of a m^cament jfor the treatment or prophylaxis of htmian 
S diseases or conditions in ^ich activation of the CCI nicotinic rec^tor is beneficial. 

* 

mm - • 

Another embodiment of diis aspect of the invention is the use of a compound of the 

* - _ * ' • 

invention in the manu&cture of a medicament for the treatment or prophylaxis of 

neurological disord^, psychotic disoidm or intellectual impairment disordecs. 

Another embodiment of diis aspect of the inv^tion is the use of a compound of the 
• , ■ • ■ ■ ■ 

.0 invention in the manufacture of a medicament fortreatment or prophylaxis of Alzheimer's 

disease, learning deficit, cognition deficit, attention deficit, memory loss or Attention 
Deficit Hyperactivity Disorder. 

• • • " 

Anodier embodimrat of this aspect of the invention is the use of a compound of the 
invention in the mianufacture of a medicament for treatment or prophyl^ 
15 schizophrenia, or mania or manic depression. 

Another embodiment of this aspect of die invention is the use of a compound of die 

■ 

invention in the m^u&cture of a medicament for treatment or prophylaxis of Parkinson's 
disease, Huntington's disease, Tourette's syndrome, or neurodege^ 

which there is loss of diolinergic qmiapses. 
20 Anoth^embodimentof this aspect ofthe invention is the use of a compound as 

described above in the manu&cture of a medicament for the treatment or prophylaxis of 
jetlag, pain, or ulcoative colitis. 

Another aspect of the invention relates to the use of a compound of the invention in 

• ■ 

the manufacture of a medicament for facilitating the cessation of smoking or the treatment. 
25 of nicotine addiction or craving includii^ that resulting from exposure to products 

w 

conlBining nicotine. 

* 

For the uses, methods, medicanients and compositions mentioned herein the 
amount of compound used and the dosage administered will, of course, vary witii the 
compound employed, the mode of admiaistration and die tr^tment desired. However, m 
30 general, satis&ctory results are obtained when the compounds of the invention are 

administered at a daily dosage of from about 0.1 mg to about 20 mg/kg of animal body 
weight Such doses may be given in divided doses 1 to 4 times a day or in sustained release 
form. For man, the total daily dose is in the range of from 5 mg to 1,400 mg, more 



preferably firom 10 mg to 100 mg, and unit dosage fonns suitable for oral administFatiQn 

* • • * ■ • • 

comprise from 2 mg to 1,400 mg of the compound admixed with a solid or liquid 
pharmaceutical caniers, lubricants apd diluents. . 

The compounds of formula I, an enantiom^ thereof and pharmaceutically- 
5 acceptable salts ther^o^ may be used on their own or in the fonn of appropriate medicinal 
prepar^ons for entetal or parenteral administration. According to a further aspect of the 
invention, ibsre is provided a pharmaceutical conq)osition including preferably less than 
80% and more preferably less than 50% by wei^t of a compound of the invention in 

* 

admixture wi& an inert pharmaceutically-acceptable diluent, lubricant or earner. 
.0 Examples of diluents, lubricants and carriers are: 

- for tablets and dragees: lactose, starch, talc, stearic acid; 

',*•*• 

- for capsules: tartaric acid or lactose;. 

- for injectable solutions: water, alcohols, ^yceim, vegetable oils; 

- for suppositories: natural or haidened oils or waxes. 

I S There is also provided a process for the preparation of such a pharmaceutical 

composition which process comprises mixing the ingredients. 

Compounds according to the invention are agonic of nicotinic 
receptors. While not being Ihnited by theory, it is beUeved that agonists of the a7 ni 
acetylcholine receptor (nAChR) subtype are useful in flie treatment or prophylaxis of 

20 neurological disorders, psychotic disorders and intellectual impairment disorders, and to 
have advantages ov^ compounds which are or are also agonists of the oA uAChR subtype. 
Therefore, conq>ounds which are selective for the a? nAChR subtype are preferred. The 
compounds of the invention are indicated as pharmacisuticals, in parti 
• or prophylaxis of neurological disorders, psychotic disorders and intellectual impairment 

25 disorders. Examples of psychotic disorders include schizophrmia, mania and inani 

depression, and anxiety. Examples of intellectual impainhent disorders include 

* 

AlTheimer's disease, learning deficit^ cognition deficit, attration deficit, memory loss, and 
Attention Deficit Hyperactivity Discuder. The G<Hi]pound5 of the invention may also be 

• • • 

' useful as analgesics in the treatment of pam, chronic pain, and in the treatment or 

• * 

30 prophylaxis of Parkinson's disease, Huntington's disease, Tpurette's syndrome, and 
neurodegenerative disorders in which there is loss of cholinergic synapses. 
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Compounds of the invention may fiirdier useful for the treatment or prophylaxis of 

» * 

jetlag, for use in inducing the cessation of smoking, (^ying, and for the treatment or 

■ » 

prophylaxis of nicotine addiction including that resulting from exposure to products 
containing nicotine. 

S It is also believ^ that cocoqppunds according to the invention are useful in the 

* 

treatment and prophylaxis of ulc^tive colitis. 

The compounds of the invention have the advantage that they may be less toxic, be 
more ef&cacious, be longer acting, have a broader range of activity, be more potent, 
produce fewer side effecte, are more easily absorbed or have other useful pharmacological 
10 properties. * 

The compounds of formula I exist in tautomeric or enantiomeric forms, all of which 

... 

. • • ■ 

are included wifhini tiie scope of the invention. The various optical isomers may be isolated 
by separation of a racemic mixture of the compounds using conventional techniques, e.g. 

• • • ' * 

« ■ ■ 

fiactional crystallization, or chiral HPLC. Alternatively tibe individual enantiomers maybe 
IS made by reaction of the appropriate optically active starting materials under reaction 
conditions which will not cause racemization. . ^ 

* • 

Methods of Preparation 

In the reaction schemes and text that follow. A, D, E, Ar^ and Ar^ unless otherwise 
indicated, are as defined herein. 
20 Method A- 

• • • • 

• • ■ ■ 

^4>tf^O imidazole. SOCIa . K HCOaNH*. 10% Pd/C Jj^l5l^ 

HCI CH2Cle.00C IIOOC.EtOH ' 



Metiiod B - 



OH NH^OAc 



2Ha 



OH CHjO (37%. aq), AcOH 
MW*. 120 oc. lOmin 




Method C - 



♦ » • 




SeOg (2ecD ^ 

H20(2.2eq) . 
1.4-0to)tane ' 



CHO 





2HCi 



HO 



NH4-0AC 



CHjb (37% aq) 1--n4 

AcOH 
MW. 120OC. 20min 




M^od D - 




ArB(OH). 



Pd(PPh3)2Cl2 . CS2CP3 U'N>i 
DME/HjO/EtOH (7:3:2) 
MW. 20min @ 150 "C 




Method £ - 




I) SOCI2 



iij CH3NC, n-BuU, 
THF.-78 0C 




(94%) 



General Evperimental Piocecto r?^ P^fi^lif'""^ 

Commercial teageiits were used without further purification. Mass spectra were 
recorded using either a Hewlett Packard S988A or a MiqroMass Quattro-1 Mass 
Spectrometer and are r^orted as m/z for the parent molecular ion. Room temperature refers 
to 20-25 **C. 

Si02 chromatography was perfptmed with an Isco CombiFlash Sq 1 6x instrument 

and pre-packaged disposable RediSep SiC^ stationary phase colunms (4, 12, 40, 120 gram 

sizes) with gradient elution at S-12S mL/min of selected bi-solvent mixture, UV detection 

. • ■ * • ■ 
(190-760 nm range) or tuned collection, 0. Itom flow cell path length. 
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MiCTowave heating was achieved with a Posonal Chdnisby Smith SynAesizear or a 
Personal Chemistry Eixirys Optimizer (monomodd, 2.45 OHz» 300W max). 
Supercritical Fluid Chromatograpliy (SFC) was performed as a means of purification for 

• * * . * ■ 

selected compounds and intermediates. 

Reverse Phase High Pressure Liquid Chromatography (RP-^HPLC) was employed as a 
me&od of purification for selected compounds. 

LC/MS HPLC method was generally performed with a Agilent Zorbax S p. SB-C8 
column 2.1inm x S cm. Solvents: A " H2O with 0.0S% TFA, B =10% H20, 90% 

• « 

Acetonitrile, 0.03% TBK, Giadieot: (10-90%B over 3 min., 90% B hold through 4 min., - 

- • • - ■ • » 

10% B at 5 min. and hold at 10% B until 6 min). 

Unless otherwise indicated, halo indudes cUoro, faromo, fluo^ and 

• , ' - ' • . 

halogen refers to fluorine, chlorine, bromine, or.iodine; Ci^alkyl includes methyl, efhyl and 
linear, cyclic or branched propyl, butyl, pentyl or hexyl; C2.6alkenyl inchides ethenyl, 1- 
propenyl, 2-propenyl or 3-propenyl and'linear, branched or cyclic butenyl, pentenyl or 
hexmyU C2-6alkynyl mcludes ethynyl or propynyl; flie CMalkyl groups referred to herein, 

* ♦ 

e.g., methyl, ethyl, n-propyi, n*butyU i-pn>pyl, i-butyl, t-butyl, s-butyl, whether alone or part 

of anolhca: group, may be straight-chamed or branched, and the Cy^ alkyl groups may also 

.... 

be cyclic, e.g., cyclopropyl, cyclobutyl. Alkyl groups referred to herein may optionally 

• ■ 

have one, two or three halogeii atoms substituted thereon. 

. Pharmaceutically-acceptabie derivatives include solvates and salts. For example,, 
the compounds of formula I can form acid addition salts with acids, such as the 
conventional pharmaceutically-accqplable acids, for example, maleic, hydrochloric, 

hydrobromic, phosphoric, acetic, fumaric, salicylic, citric, lactic, mandelic, tartaric and 

- , ■ - ■ 

metibianesulfonic acids. 



PHARMACOLOGY 

The pharmacological activity of the compounds of the invrntion may be measured 
in the tests set out below: 

Test A - A ssay for affini tv at a ^ nAChR subtype 

I25l~a -Bxmgarotoxin fBTX> binding to rat hippocampal membranes. Rat 

hippocampi were homogenized in 20 vohnnes of cold homogenization buffer (HB: 

' .* ■ • 

concentrations of constituents (mM): trisOiydroxymethyl)aminomethane 50; MgClz I; 

NaCl 120; KC! 5: pH 7.4). Ihe homogen^ centrifuged for 5 mimrt^ at 1000 g, die 



• • « 
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si5)eniatant was saved and the pellet re-extracted. The pooled supematants were 

cratrifoged for 20 minutes at 12,000 g, washed, and re-suspended in HB. Membranes (30- 

80 Ug) were incubated with 5 nM [*^n cx -BTX, 1 mg/mL BSA (bovine serum albumin), 

test drug, and eith«: 2 mM CaCl2 or 0,5 mM EGTA [ ethylene ^ycol-bisO - 

5 aminoeihylether)] for 2 hours at 21 ^C, and then filtered and washed 4 times over Whatman 
glass fiber filters (thickness C) using a Bxandel cell harv^er. Pre-treadng the filters for 3 
hours with 1% (BSA/0.01% PEI (polyethyleneimine) in water was critical for low filter 
blanks (0.07% of total counts per minute). Non«specific binding was described by 100 tiM 
(-)-nicotine, and specific binding was typically 75%. / 

10 Test B - As &a y affinity to the a ^ nAChR subtype : 

fel >(--VD i*>fttittp^ hi^Hltip;. Using a procedure modified firom Martino-Barrows and 
Kellar (Mol Pharm (1987) 31:169-174), rat brain (cortex and hippocampus) was 
homogenized as in the \}^Ji a -BTX binding assay, centrifiiged for 20 minutes at 12,000 
X g, washed twice, and &en re^siispended in HB containing 100 \i M diisopropyl 

1 S fiuorophosphate* Afier 20 minutes at 4 ^C, membranes (approximately 0.S mg) were 
incubated witih 3 nM <-)-nicotine, test drug, 1 ^ M atr^ 

or 0.5 mM EGTA for 1 hour at 4 **C, and 1h«i fiMered over Whatman glass fiber filters . 

' m _ 

(thickness C) (pre-treated ifor 1 hour with 0.5% PEl^ using a Brandel cell harvester. Non- 

• • • 

specific buiding was described by 100 \i M caibachol, and specific binding was typically 
20 84%. 

Binding data analyRiji for Tests A and B 

IC50 values and pseudo Hill coefficients (na) were calculated \ising the non-linear 

curve fitting program ALLFIT O^eLeah A, Munson P J and Rcdbard D (1977) Am. J. 

PhysioL, 235:E97-E102)^ Saturation curves were fitted to a one site model, using the non- 
25 linear regression program ENZHTTER (Leatberbaiiow, R.J. (1987)), yielding K© values of 

1.67 and 1 .70 nM for the ["^IJ-a -BTX and fH\ -(-):nicotine ligands xespectivdy. Ki 

values were estimated using the general Ch^ig-Ftusoff equation: 

Ki=[ ICsol /((2+(Digaiuil /Kd] )yM) 

where a value of n-1 was used whenever nH< 1 -5 and a value of ff=2 was used when 
30 1 ,5. Samples were assayed in triplicate and were typically ± 5%, Kj values were determined 

using 6 or more drug concentrations. 



♦ f - 
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Cqmpoimds of the invention gend'aUy have bind 
in either Test A and or Test B. 

* • 

■ « - • 

EXAMPLES 

« * • ■ * • 

The following examples are non-limiting and embody particular aspecte of the 

■ - • * • * 

invention. • . . * 

Example 1; 3-Imidazol-:l-yl-l-azabicyclo[2J2J2}octane. 

■ ^ 

* . • 

a) 3-Imidazol-Uyl-l-azabicycIo[2J2.2]oct*-2-ene. 

m * 

To a solution of imidazole (6.S3 g, 96 mmol) in anhydrous CH2CI2 (SO mL) at 0 ^ 

, » - • ■ * 

under a nitrogen atmosphere was added thionyl chloride (2.1 mL> 28*8 mmol) diopwise, 
resulting in a fine White precipitate. After 1 S minutes Uie mixtore was added to 3*^ 
quinuclidone hydrochloride salt (2*59. & 16 mtnol) in anhydrous OHaCia (SO mL) und^ an 
inert atmosphere at 0 ^C. Allowed to wann to ambient temperature, stirred for 2 days, then 
. neutralized with saturated NaHCQs (aq). Adjusted to pH - 12 by the addition of 10% 
NaOH (aq) and extracted into CH2CI2 (3x 100 mL). The combined organic extracts were 
dried over Na2S04, filtered and concCTtrated in vacuo. The residue was subject to flash 
chromatography^ (Si02 - 40 grams; gradient elution: 1-10% 3N NHs/MeOH - CH2CI2 at 50 
miymin over 40imn) to afford ibs title compound (la) as an oiange-yeUow tacky solid (640 
mg, 23%). Mass spectram (ES+): M + 1: 176 (100%); NMR (300 MHz, CDCI3) S 1.72 
(m, 2H), 1 .79 (m, 2ip, 2.69 (m, 2H), 3.02 (m, 2H). 3.26 (m, IH), 6.53 (d, J» 2Bz, IH), 
7.11 (s, IH), 7.15 (s. IH). 7.71 (s, IH). 

- 

b) 3-ImidazoH-yH.azabicyclo[2.2.2]octatteo 

To a nuxture of 3-imidazoM-yM-azabicyclo[2^^]oct-2-CTLe (la) (356 mg, 2.03 
imnol) and ammonium formate (2.6 g, 40.6 mmol) in absolute EtOH (6 mL) was added 
10% Pd/C (178mg, 50% wAy). The sealed leactifHi vessel was heated to 1 10 °C for 13 hrs 
before cooling to ambient temperature. The nuxture was fiihered through diatomaceous 
earth (0.75^ by 2"" diameter), washed liberally with EtOH and concentrated to a white- 

. - * 

yellow tadQ^ residue which was subsequently purified by flash clnomatography (SiQ2 - 40 
grams; gradiestf dution: 5'-30% 3N NHs/MeOH - EtOAc at 60 mL/min over 2Smin) to 
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yield the tille compound (188 mg, 52%). Mass ^ectrum OBS+): M + 1: 178 (100%); *H 
NMR (300 MHz, CDCI3) 5 1.50 (m, IH), 1.64 (m, IIJ), IJ7 (m, 2H), Z09 (app q, J= 3 
Hz, IH), 2.81-3.05 (m, 4H), 3.15 (dd,y= 14.5, 4.4 Hi, IH), 3.47 (ddd,/= 14.5, 9.7, 1.8 
Hz, IH), 4.26 (m, 7.05 (s, IH), 7.08 (s, IH), 7.62 (s, IH). 



* , * • • • • ■ 

Exmpl^ Z; . (R>3.[5K5-bromo-tWophen-2-yi>iimda2pl-l.yi].l-azabi<7clo[2.2.2]w 




a) H5-Bromo-thiopha[i-2-yl)-2,2-dihydroj^lJianone. 

. A mixture of selenium dioxide (8.66 g, 78 mmol), water (2.8 mL) and 1,4-diaxane 
(75 mL) was heated to reflux to dissolve all particulates .(-15 min) before the addition of 2- 
acetyl-5-bromothiophene (8 g, 39 mmol) in one portion. After leflmdng for 15 hrs, the 
mixture was cooled to ambient temperature, filtered through diatomaceous earth (1.5" by 
3" diameter), washed liberally with EtaO, and concentrated in vacuo to a yellow residue. 
The residue was subject to Kngelrohr distillation (150 / 1 Ton) to yield a glyoxal as a 
yellow oil, which was immediately added to boiling water. Reciystallization from water, 
filtration, and drying (37 »C and 5 Torr) yielded the gjyoxal hydrate, l-(5-bromo-thiophen- 
2-yl)-2>dihydipxyethanone, as white-pink needles (6,723 g, 73%). Mass spectrum (ES+ 
and AM+): Does not ionize, 'h NMR (300 MHz, DMSOfdi;) 5 5.43 (t, J=» 6.1 Hz, IH), 
6.93 (d, J=« 6.1 Hz, 210, 737 (d, J=4,l Hz. IH). 7.81 (d,y=4,l Hz, IH); "C NMR (300 
MHz, DMSO-rffi) 6 90.28, 12232, 132.23, 135,73, 141.15, 189.6. 

b) (R)-3-t5-(5-br6mo-ihiophen-2-yi)-imidazol-l-yl]-l-azabi(^lo[2.2J23octane 
Five individual round-bottomed thick-waUed glass vials were charged with stir 

bats, (R)-(+)-3-aininoquinucli(dine dibydrocMoride (440 m& 2.21 nunol), ammonium 

. . . . ■ 

acetate (195 mg, 2.53 mmol), l-(5-brpmoH-thiophen-2-yi).2,2.dihydroxyethanone (500 mg, 
2.21 mmol). formaldehyde (37%, aqueous - 210 pit,, 2.53 mmol) and glacial AcOH/water 
(1:1, 3.5 mL). All vials wrare crimp sealed and subject to microwave radiation^ for .20 
minutes at 120 *C. The resultant mixtures were combined, diluted with \(^iter, basified to 
pH ~ 13 with 20% NaOH (aq), and extracted with CHCI3 (5 x 60 mL) and EtOAc (2 x 40 
mL). The combined organic extracts were dried ov«: MgS04, filtered, and concentrated by 
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chromatography* (SiO^ - 120 grang|S- jgradiait elution: 5-10% 4N NIfe/MeOH - EtOAc at 

90 mL/min over 48ixun) to provide a 1 regio-isomeric mixture of S- and 4- 

• • • . ■ 




MeOH/COz with 6.S% DMEA at SO mLAnin, monitoring at 280 nm, to aSotd the tiUe 
compound as a pale orange solid (700 mjg, 20%). Mass spectrum (API+) M 4- 1: 338 
(100%); *H NMR (300 MHz, CDCI3) 8 1.48-1.80 (m, 4H), 1.96 (app q. /= 2.9 Hz, IH), 
2.74-3.16 (m, 5H), 3.37 (ddd, 14.5, 10, 2.2 }^ IH), 4.36 (m, IH), 6.80 (d. J- 4 Hz 
IH), 7.06 (d, y = 4 Hz, IH), 7.15 (s, IH), 7.84 (s, IH). . 



integration of NMR signals of <R)-3-[4-(S4>romo-tiiiq;^-2-yl>iniidazol-l-^]-l- 



l-azabi(^lo[2.2.2]octane (Bxmtpl& 7) (65 mg, 0.19 mmol), 3-£iiFanboiomc acid (62 mg, 
0.23 mmol), did]lorobis(tripha^lpho8phine)-palladium (II) (7 mg, 0.0095 mmol), CS2CO3 
(124 mg, 0.38 mmol) and DME/EbO/EtOH (7:3:2 - 1 mL): The vial was sealed under an 
argon purge and subject to microwave radiation for 18 minutes at 150 ^C. The resultant 
black slurry was filtered througji a 0.7 pm OMF filter, washing with MeOH (1x1 mL), 
dilute with DMSO (1 x l .mL), subject to RP-HPLC purification (gradient elution: 5-45% 
acetonitrile over 45 minutes at 24 xnL/mtn - desired conapound eluted at 15.4 minutes). The 
approfHTiate fiactions were concentrated via centrifiigal evaporation to yield the title 
compound as the hisrtrifluoroacetic acid salt (67 mg, 64%). Mass spectnun (APH-) M + 1: 
326 (100%); 'H^JMR (300 MHz, MeOH-d:») S 2.04-2.23 (m, 4H), 2.59 (app d, J= 2.5 Hz, 
. IH). 3.34-3.47 (m. 3H), 3.62'(m, IH), 3.74-3.94 (m, 2H), 5^2 (app t. 7.5 Hz, IH), 



Example 3: 3-[(R)-5<5-Furan-3-yl-lMoi*ea-2-yl>imida2ol-l-yl]-l- 

m 

• ♦ - • 

azabicyclo[2.2.2]octane. 




A conical thick-walled glass vial was charged witii a stir bar, a 7: 1 mixture based on 




6.76 (s, IH), 7.35 (d. J= 4 Hz, IH), 739 (d. J= 4 Hz, IH), 7.60 (t. 1.8 Hz, IH), 7.84 
(d. J= 1 Hz, IH). 7^ (s, IH), 9-54 (s, IH). 

- . 

■ * » * • • - . 

Example 4: ^>3-(5-Thiophen-2-yl-imidb2oI-l^^^ 




1^ a proce^ analogous to Example 3, (R>3-(5-lhiophea-2-yl-imida2ol-l-yl)-i • 
azabicyclo[2.2^]octa&e was obtsuned by leductidn of Ibe fluenyl broiooide under the 
reaction conditions employed Hie titil^ compoimd was obtained by KP-HPLC (eluted at 
7.6 minutes) to afTqrd the bi$-trifluc»roaoetic acid salt as a clear, yellow gum. Mass 
spectrum (API+) M + 1: 260 (100»/i); *H m/m. (300 MHz, MeOH-d!*) 8 1.98-2.10 (m, 3H), 
2.14 (m, IH), 2.55 (app t, J= 3 Hz, 1 H), 3.35-3.46 (m, 3H), 3.59 (m, IH), 3.70-3.87 (m, 

* • • ' 

2H), 5.15 (app W 4.5 Hz, IH), 7.29 (dd,y=4!o, 3.5 Hz, IH), 7.47 (dd, J= 3.5, 1.0 Hz, 
IH), 7.82 (m, 2H), 9.50 (s, IH). 

Compounds of the following structure prepared by methods analogous to those used 
in Example 3 are illustrated in Table 1: / 
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Tablel 



"R"' Group 



LC/MS 
retention 
time (min) 



MS 

(M+1) 



ion 



4 



030 



260 




1.61 



336 




033 



337 




1.54 



342 



8 




1.51 



342 



4 ■ 



r • • 
» 



* 



9 
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CLAIMS 



1 . A compound according to formula I: 




wherein: 



A represents: 






or 




H . Ill . IV 

» • 

where R represCTis hydrogen or me&yl; and 
represents hydrogen or a moiety of Formula VI 

At? 



wherein: 

Ar' is selected jGrom a or 6-membered aidmatic or hetmarontiatic ring having 0, 
I or 2 nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms, or selected from an 8-, 
9- or 10-membered fused aromatic or het^aiomatic ring system having 0, 1, 2 or 3 

w m m « • 

nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms; 

D is selected from hydrogen, NR^R^, or E-Ai^; . . 
wherem 

E is a single bond, -0-, -S-, or -NR^S 

Ax^ is selected from a 5- or &-membered aromatic or heteroaromatic ring having 0, 
1 or 2 nitrogCT atoms, 0 or 1 oxygm atoms, and 0 or 1 sulfinratoms; 

where each Ar^ or Ai^ moiety may be unsubstituted or b^ 
selected from -R^, -Ci-Cealkyi, -CrCealkeiqd, -Ca-Cfialkynyl, halogen, -C3M, -NOz. -CFj, 
-S(0)aR\ -^IR^R^ <HihnRV. -OR^ -OfcOR^ or -CO2R'*; 

• ■ * 

R^ and R^ are independenfly selected at each occurrence from hydrog^ 

-Ci.C4alkyU JttyU heteroao^, <^(0)R^ -C(0)NHR^ -CO2R;' <» -SO^^ 
R^ and R^ in combiimtion is <C%]^G(CU2)k^ wherein 

abond; 
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j is 2, 3 or 4; 

k is 0, 1 or 2; • • . 
n is Oy 1 or 2, and 

is independenfly selected at each occurreace from hydrogen, -CMalkyI, aryl, or 

and stereoisomers, enantiomers, in vivo-hydrolysable precursors and 

phannaceutically-accq[>table salts fheieot 

■ 

... ... . . 

' " - " . * - 

2: A compound according to Claim 1 wherein: . 

A represents: 




II 

. represents hydrogen or a moiety of Fonnula VI 

° VI, 

4 

wherein: 

• - • • ^ 
Ar is selected from a S- or 6-mraibeied aromiatic or heteroaromatic rmg having 0 

or 1 nitrogen atcnns, 0 or 1 oxygen atoms, and 0 or rsolfiiratonis; 

D is selected from hydrogen, i^^^R^ or 

wherein: - 

• - 

E is a single bond, -0-, -S-, or -NR^-; . . 

Ax^ is selected from a 5- or 6-membexed aromatic or heteroaromatic ring having 0 
or 1 nitrogen atoms, 0 or 1 oxygen atoms, and 0 or 1 sulfur atoms; 

where each Ar or Ai^ moiety may be unsubstituted or bear 1, 2 or 3 substiturats 

selected from halogen, -ON, -NO2, -CFj, -CH3 or -C2H5; 

2 3 ■ 

R andR are independently selected at each occurrence from hydrogen, 
-Ci.C4alkyl, aiyl, heteroaiyl, or 

R^ and R^ in combination is KCH3()jG(CH2)k^ wherein G is oxygra; 
j is 2, 3 or 4; 

• . ' ' * • • • 

kisO, 1 or2; 
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and stereoisomers, enantiomers» in wvd-hydrblysable precuzsors and 

phaimaceutically •acceptable salts thereof • . 

«... ■ ■ ."". '■* 

3 . A compound according to Claim 1, wherein A represents: 




or an enantiomer thereof, and pharmace^caU^acceptable salts 



4. A compound according to Claim 1, wberein said compound is an R-isomer in 
accord with formula Vn, ... 




R 

wherein A and are as defined for coriq)0iinds of formula L 

5. A c(niq>fnmd accordioe to Claim 4, vtiierein A is pf fom^^ 




N 

11 . 

and R' is as defined for compounds of formula L 



6. ; ' A compound according to Claim 1, wh^in E represents a singjle bond; or an 

• • • " 

mantiomer thereof and pharmaceatiically-acceptable salts thereof. 



7. A compound according to Claim 1» wherein Ax^ is thiopfamyl. 



8. A conq>ound according to Claim I, wherehi Ar^-.is.thiophenyl and Ax^ is selected 
fiom hydrogen, halogen, phenyl, furanyl or thlc^henyl having optional substitoents. 
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9. ' A compound according to Claim 1, wherein one or more of the atoms is a 
radioisotope of the same element . 

10. A method of treatment or prophylaxis of a disease or condition in which activation 
S . of the €x>7 mcotinio r^^tor is beneficial which mi^thod comprises administering a 

therapeiitically-effective amount of a componnd accordixig to Claim 1 to a subject suffering 
from said disease or condition. 



d 



11. The method of Claim 10, wherein said disease of condition is anxiety, 
scbizqpbr^a, inama cm: manic dq)ressipn; 



15 



20 



12, A method of treatm^ or prophylaxis of neurologicd disoidera, pqr<^ 

or mteltectual impairment disordm, which comprises administering a therapeutically 
efifective. amount of a compound according to Qaim 1 . 

13. The method of Claim 12, wherein said disorder is Alzheimer's disease, leammg 

* • • * * • 

: deficit, cognition deficit, atttaition deficit, memory loss. Attention Deficit Hyperactivity 

. Disorder, Parkinson's disease, Huntington's disease, Tourette' s syndrome, 

• • , • . • ' ■ • 

neurodegenerative disorders in which there is loss of cholineigic synapses, jetlag, nicotine 

addiction, craving, pain, and for ulcerative colitis, which comprises administering a 

therapeutically effective amount of a compound according to Claim 1 . 



25 



14. A method for inducing the cessation of smoking comprising administering an 
effective amount of a conq[>ound according to Claim L • 



15. A pharmaceutical composition comprising a compound according to Claim 1 and a 
pharmaceutically<-acceptable diluent, lubricant or carrier. 



16. A niettiodoftieatment or prophylaxis ofa disease or condition in which activation 

* • * * * 

30 of die Gt7 nicotinic receptor is beneficial \i4udi meOiod oE)nq>rises administerii^ a 

tberapeutically-effective amount of a pharmaceutical composition according to Claim 15 to 

a subject suffering from said disease or condition. 
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1 7. The method of Claim 1 6, wherein said disease or condition is anxiety, 
schizophroaia, mania or manic depression. 

• » • 

18. A meQiod of tieatmCTt or pioplfaylaxis of neuiologicai disorders, psychqtic disorders 
3 or intellectual impainn^at disord^, whicli comprises administering a therapeutically 

effective amount of a pharmaceutical composition according to Claim IS. 

* . ' * • 

• • . • • • . 

19. Hie method of Claim 12, wherein said disorder is Alzheimer's disease, learning 

. deficit, cognition deficit, attention deficit, memory loss, At^otion D^cit Hyperactivity 
0 Disorder, Parkmson's disease, Huntington's d^ease, touirette*s syndrome, 

neurodegenerative disorders in wfaidi there is loss of diolinergic synapses, jeflag, nicotine 
addiction, craving, pain, and for ulicerative colitis, which comprises administering a 
thenqpeutically effective amount of a pharmaceutical coiiqposition according to Claim IS. 

15 20. A method for inducing the cessation of smoking coinprisingadminista 

effective amount of a pharmaceutical composition according to Claim IS. 

. * - 

21. The use of a compound according to Claim 1, an enantiomer thereof or a 
pharmaceutic^ly-acceptable salt thereoi^ in the manu&cture of a medicament for the 

20 treatmCTt or prophylaxis of human diseases or conditioiis in which activation of the a7 
nicotinic recqptor is haieficial selected firom neurological disorders, psychotic disorders, 
intellectual impairment disorders, Abheimo^s disease learning deficit, cognition deficit, 
attration deficit, memory loss. Attention Deficit Hyperactivitj^ Disorder, anxiety, 
. schizophrenia, mania or manic depression, Parkinson's disease, Huntington's disease, 

2S Tourette's syndrome, or neurodeg^ierative dtsord^ in which there is loss of cholinergic 

* 

synapses^ 

r ■ 

• . - ■ 

22. The use of a compound according to Claim 1, in the manu&cture of a medicament 
for the treatment or prophylaxis-ofjeti^ p^Sr^SKdcmtive colitis or to fitcilitate the 

30 cessation of smoking or the treatioient of nicotine addictioci or craving including that 
resulting fi[om exposure to products containing xucotine. * 



• « ■ * ^ 



•• « • 
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ABSTRACT 



TIT¥,R; S^SflBSTITUTED EVflDAaiOLES 



ComDoands of fiwmula I: 




wherein A and are as defined in the specification, processes for preparing ihem^ 
pharmaceutical compositions contaimng them and their use in therapy, eq>ecially in the 

• - " * ^ 

lent or prophylaxis of psydiotic and intellectual impairment disorders. 



p 



♦ • • 
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